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Introduction

Obesity, a pandemic in the US, is associated with more than 100,000 incidents of cancer every
year [1]. Obesity increases the risk for TNBC [2], which is three times more common in African
American [16] that show higher incidence in pre-menopause age (39%) when compared to
patients of different ethnic background (16%) [3]. Levels of leptin (the main adipokine secreted
by adipose and breast cancer cells) are higher in obese individuals. Leptin induces the
expression of Notch and several genes related to breast cancer stem cells (BCSC)
maintenance, and could be involved in the induction of survival of TNBC treated with
chemotherapeutics. We hypothesize that leptin’s effects could involve the activation of a
VEGFR-2/Notch axis. The elucidation of the molecular mechanisms by which BCSC survive in
obese contexts may identify new targets for therapeutic intervention, for the “hard-to-treat”
TNBC. During the first year of funded research, we investigated the effects of leptin on
mammosphere formation by TNBC and expression of BCSC markers. Inhibition of leptin
signaling using a novel inhibitor designed and produced by us, IONP-LPrA2, showed how leptin
can contribute to TNBC resistance to chemotherapeutics (i.e., cisplatin and sunitinib).

Key words

Leptin, LPrA2, IONP-LPrA2, triple negative breast cancer, breast cancer stem cells, drug
resistance, obesity-related breast cancer, Notch, VEGFR2.

Overall Project Summary

Task 1: Cell cultures and proliferation/BCSC/Apoptosis: human (MDA-MB231 and HC1806) and
mouse TNBC (E0771-TAM will be cultured in vitro with leptin plus treatment.

a) Impact of treatment on Cell survival and Mammosphere formation.
b) Flow cytometry sorting/analyses of BCSC.

c) Apoptosis analysis.

To address the hypothesis we used a specific inhibitor of leptin signaling: leptin peptide receptor
antagonist (LPrA2) coupled to nanoparticles, IONP-LPrA2 (receptor-targeted and near infrared
dye labeled-magnetic iron oxide nanoparticles). Our data show that leptin increased the
expression of BCSC markers in human MDA-MB231 cells (TNBC) that was
accompanied by induced expression and activation of Notch and cell proliferation (Fig 1
A-C). Leptin also induced S phase progression, survival and expression of Notch in
HCC1806 cells (TNBC; Fig 1D-F). These leptin’s effects were abrogated by LPrA2 and
IONP-LPrA2.
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Fig 1 . Leptin increased proliferation, survival and expression of
BCSC markers and Notch in TNBC. In MDA-MB231 cells leptin
induced: (A) Cell proliferation and S-phase progression, (B) Expression
and activation of Notch, and (C) Expression of BCSC markers (CD44+
and ALDH1+) that was inhibited by LPrA2. In HCC1806 cells leptin
induced: (D) S-phase progression and (E) cell survival, which were
abrogated by LPrA2 and IONP-LPrA2, and (F) Expression of Notch1. (a):
p=0.05.



TNBC cells (MDA-MB231 and HCC1806) were cultures in medium containing FBS and
treated with different doses of chemotherapeutics: sunitinib (a VEGFR2 inhibitor) and
cisplatin (a S phase inhibitor). In other series of experiments the cells received
chemotherapeutic treatment plus IONP-LPrA2. Notably, the inhibition of leptin signaling
via IONP-LPrA2 improved the efficacy of chemotherapeutics (Fig 2 and Table 1).
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Fig 2. IONP-LPrA2 adjuvant treatment increased effectiveness of sunitinib and
cisplatin in TNBC.
TNBC cells (HCC1806 and MDA-MB231) were cultured in medium containing FBS
plus sunitinib and cisplatin (solid lines), and IONP-LPrA2 (dashed lines). Viability
and apoptosis were determined by Annexin V/PI Cellometer assay. (a): p<0.05.



Table 1. Leptin induces survival and reduces effectiveness

of chemotherapeutics in HCC1806 cells.

IONP-LPrA2 abrogates leptin's effects.

Live
BASAL 67.84
Lep 78.75
Lep+LPrA2 68.57
Lep+Cis 76.07
Lep+Cis+LPrA2 31.2
Lep+Sunitinib 8.44
Lep+Sunitinib+LPrA2 6.84
Lep+Cis+Sunitinib 2.99
Lep+Cis+Sunitinib+LPrA2 2.99

Mammosphere formation: TNBC cells (MDA-MB231) single-cell suspensions were seeded at
low density (5,000-20,000 cells/ml) in ultralow attachment dishes and cultured in specific
tumorsphere medium (MammoCult medium; Stem Cells Technologies), supplemented with
Hydrocortisone and Heparin [4]. Then, the cells were treated with 1.2nM leptin and 1.2nM
Leptin+lONP-LPrA2 (dilution 1:5000) for two weeks [5]. Number of tumorspheres (=100nm)
were assessed at weeks 1 and 2. Different tumorsphere sizes [small (<100um), medium (100-
200um) and large (>200um)] were also counted. Leptin increased total number of spheres that
was abrogated by IONP-LPrA2 (Fig 3). Notably, leptin induced significant increase of medium
size tumorspheres. Medium size tumorspheres decreased significantly when cells were treated

with IONP-LPrA2 (p<0.05).
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Fig 3. Leptin induced formation of tumorspheres in TNBC (MDA-MB231 cells)

that was abrogated by IONP-LPrA2. Total tumorspheres and different sizes in

basal medium, leptin 1.2 nM and IONP-LPrA2 plus leptin after one week (A)
and two weeks (B). a: p<0.05



Leptin-induction of breast cancer stem cell markers:
After two weeks MDA-MB231 tumorspheres were disaggregated via enzymatic/mechanical

techniques (Trypsin-EDTA) and the resulting single cell populations were analyzed using
Nexcellometer for ALDH1 (ALDEFLUOR assay) and CD44+/CD24- expression [3].

Remarkably, leptin induced the expression of BCSC markers in MDA-MB231 cells from
tumorspheres (see Fig 4). The number of double positive ALDH1/CD44 cells was increased by
leptin (4x). However, IONP-LPrA2 completely abrogated leptin’s effects.

Basal

Leptin

"Data Plot Gated for Surface Marker Population I

Data Plot Gated for Surface Marker Population

3.57% 1.48% 4.76% 5.54%
w o 10°3 L
% s
- ‘@
I .| § 10°]
D 10 <
3 §
L 02
10° . _
521% Jra.07% 15.63%
B 10 ‘
10 3
FL1 (intensi 10
(intensity) = CD44-FITC
['Pata Plot Gated for Surface Marker Population | Data Plot Gated for Surface Marker Population
1.81% 1.31% 2.60% . 5.00%
103
w z
% 5
g s £ 10%3
(a] 3
o T
2
475% | 0 [73.82% 18.58%
T T i

FL1 (intensity)

. CD44-FITC

10

Leptin +
IONP-LPrA2

Data Plot Gated for Surface Marker Population |

5
10"40.00% 0.26%
— 10*
=
7
c
L
£ 10
[qV]
—
[T
10°3
97.17% 2.56%
1
10 ; ;
10° °

FL1 (intensity)

Data Plot Gated for Surface Marker Population |

FL2 (intensity)

0.27%

0.23%

10"98.46%

1.04%

T
2

0
FL1 (intensity)
L]

3

Fig 4. Leptin induced the expression of breast cancer stem

cell markers (BCSC) in tumorspheres from MDA-MB231

cells. IONP-LPrA2 abrogated leptin’s effects on BCSC.




Key Research Accomplishments

1. Leptin increases survival of TNBC treated with cisplatin or sunitinib. Therefore, obesity
signals (leptin) could affect chemotherapeutic efficacy.

2. IONP-LPrA2 abrogates leptin’s effects on cell survival and synergized chemotherapeutic
effects on TNBC in vitro. These data suggest that IONP-LPrA2 could be a novel
adjuvant therapy for TNBC, particularly in obesity context. Moreover, IONP-LPrA2
adjuvant therapy could allow the reduction of chemotherapeutic dose.

3. Leptin induces the formation of tumorspheres from TNBC that was abrogated by IONP-
LPrA2.

4. Leptin upregulates the expression of breast cancer stem cell (BCSC) markers.
Therefore, leptin could be a factor inducing BCSC that are believed responsible for the
development of drug resistance in TNBC. Notably, IONP-LPrA2 inhibited leptin induction
of BCSC.

Conclusion

Obesity correlates to higher incidence of TNBC and poor prognosis. However, the specific
mechanisms for these relationships are unknown. Data generated suggest that leptin, the major
adipokine secrete by adipose tissue and TNBC cancer cells, could be in part responsible for the
observed link between obesity and TNBC. Leptin seems to induce TNBC proliferation, survival,
tumorigenesis (tumorsphere formation) and BCSC, which are linked to increase development of
chemotherapeutic resistance and relapse. Effective inhibition of leptin signaling in TNBC via
novel IONP-LPrA2 nanoparticles could be a new adjuvant therapy for TNBC. IONP-LPrA2 could
also allow reduction of chemotherapeutic dose, which is highly needed to diminish the
undesirable devastating side effects of chemotherapeutics.
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